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(" VPRI ORI, B, 330022) (P g BEAABeA: GG R ERE, M, 330032)

m o=

2 L A I 56 v A T S SR T A R R S RO AT O, LR 1A I PN H R th TEA

D IEAFAENS 25 LE A2 T S SRR A 22 I, R T 20 I ) S A e T A T LG S i e T, iy
MG AR SRR O, SRk TSR, X URTEE AT T A . B T SRR AT A 45 SR AT B Xk
MBS, 5 B AT S LR FU R AT LA TSR, OB A O e T i ARG 67 A e 5 il A v A B 22 5
Ti AT AR, U HOE Y A S R R AR, RS A BRI

KGR VRIE B BRI DU T

1 3|5

AERE T AP XURSE (R 55, 528 A 0 4 8 EAH G
4 v RIS 0 55 1 B S iR AT A LR A R 2
(van der Linden, 2009 ) . 477, /O & ATEAGE
Berfb kS, X AET AL St g, H
N o P RS 1) Jo 1 4 ) 2 By HE LA
o Jo ) ) S 0 2 A R KT Al AR D
f RIS, SRS B R0 o 45 v AT B S A e 45 Fh
BRI SEE MRS ANl T A VRS S 8
SR COIEEILSE | 2020; 25035, 2021; 98755,
2020; ZHFA , 2022; HE W, B, 2023; Shu et
al., 2013 ) ., & H %1 (item preknowledge; Sinharay,
2017a) BEHAEE A o AR 0 =) 2 %K
YEBEAL (B E T, HiRESRE R %) Z2—
( Wollack & Schoenig, 2018 ) . 7E75 A= H B8 H FiiA]
GESEEEAT NI, SRR S 5 e AR
B TERE FAEAEA E BERAR, B
P SRR [ B ORI 55 A5 ) T e (8
PRAE, 2024; F201E 35, 2022; XIH, X4 =, 2021,
2022; BRAE, 2022; T, X4Lx , 2023; EHA,
2024; B /N 2% %, 2022; Hong et al., 2021 ) , M 1M
XI5 BE 0 3 BT a5 3 77— R AR 2R ( Cizek

& Wollack, 2017; Hong et al., 2020; Lu & Sireci, 2007,
Oshima, 1994; Schnipke & Scrams, 1997 ) .
MEAFERE, 7% LR A& AE 8 E i
WA SR AT O, AR B 25 kA I
TE F RS, XA AN B AR IAE % A (VR S
OEE, RN 2 AR SRR 24 ) (B %54 | (Cheng
& Shao, 2021; van der Linden, 2011 ) . F % B 5] %%
AR A B L E BRI (1) fEE
IRV E LB R, A 2SIk LU 5y
#r ( Cheng & Shao 2021; Wise & Kong, 2005 ) ;
(2) YRRV EER A AR T80 H A 5 RRAE,
[F] B AR T 2% A i AE UL {7 B (Mardanti et al.,
2014) 5 (3) VEEE )& Y8 T LAAE 5 A2 3
WG LT S8 L, X5 AL 52 IR /N (Shao,
2016) o FEE AL AT, VEZRS VRS
18— RS WER A . VR B IR A H AT L)
FH AR 25 £ 1) 785 7 39 il 13 #E T (van der Linden,
2010) , W] UG R B AR5 S Tk
MIA KB IRAEE . BAEVEZAT RAE(E S (Fox et al,
2020) o BRULZAL, AR I AR —A> i B AL
P, TR S o b A E MR AT
PR S AT W TE R SR VR R Y
¥ ) 2% ( Fox & Marianti, 2016; Pan & Wollack, 2021;
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Sinharay & Johnson, 2020; van der Linden & Guo, 2008;
van der Linden & van Krimpen-Stoop, 2003 ) .,

Wollack F/1 Schoenig (2018 ) 25K 56 % A= 7E4E
BRI H A T ARE T 22 2 T TR 25 i e i
B 7SR 2 —. Sinharay fl Johnson (2021 )
BT8R, MR 2 R TR, B2
F A H A P AR B RE ) EHAE S — A
TUH 4R FA 22 S RIS A AP e S AR AT
A WFFE I AN 8 H TR T AN R A= e
FEFEAARE], Eb AN van Krimpen-Stoop #1 Meijer ( 2001 )
J% Sinharay (2016 ) #Ah % AL FEARZ k1 H B
SR EEEET . BB R H
I RE I EIGINIEAS BARE (Hedn 1802) R4k
B H SRS 5 T Wang 28 A (2017 ) . Sinharay
SEN (2017a, 2017b ) K5 A AE TR H_E Y IE A 1
BRI E M IEE R .9, IR A AE i H
LR “REEIERE” . Zhu A (2023) HFAE
IR, A AR A U H i 2R
SRR, R E AR U H N R4
AE R PR S ] g 1 O ORI H TR R Y
SO AR BB S s A I 30175 45 v m] BEIFAS I
S, PO H R SR LRSS AR R B H IR R
AR EA B I I, (E I EAS REORTE AR ] i) 3
IS MBI FE. —J7 |, £55 ISR L (signal
likelihood ratio, SLR ) Gt 7EAGHI 25 A At H FUA1
Fr oI RIS, AR AR Y i R B BRI A 5
JiAE  (Sinharay, 2017a, 2017b, 2020 ) , Xf T3 J&
2 5 BB R 2 M B s 3 — T T H SR T
ANTF P A S i R N SE A ARTRI Y, R H
FURIR T A R R B N R WA F [, JEH
o 2 5 H PRI 25 A s Mo R BE A I g 263
PR, AW TR I T B, fy 5T Dt
CURIORE S =Re s woalll R Ok LY i DR il
JEHET DU PR 15 B A A AV 22 S A
G H WU T2 LR () 52 AR FEAN TR, AT
5 AR5 RIER LA S0 7 LA
2 MEGhrESERERE

ARSI TVRE A S0 B A5 2 1 7% A fE
SR TR I T B I 45 B 5 A B, R
FH A AR 88 H AT — L [ R, RIEA7E
BN GG R P PSRBT (BB BOHE ) 2R
[#] 5 AR R)( Cizek & Wollack, 2017 )., Sinharay ( 2021 )

ETAEES BT AR 22 A T, A
JB b A o P £ AR P AR L I R T A 6 5
A BRI TR, ZE Ak, X EPSE T
O85BS A AN 2 A R H SRR TN I S
P 1E 20 R TR I ) 22 57 A A8t B 5 60 A
W RESIINERARIE ke A AN A e nt AL 8
D A e | LS I 70 9 i 5 M s 1 N S L
5 S, AT S,, HhZ LTINS, h A
SWVEELT R, TR S, R ST AV EEAT
REERSY . 7 B A3 BIR E AEAESER TIE: S,
S, FAOVEZ R, XT3 M H A% A 7E X
PTG b VEER 22 5 -y (IS0 IR
PIEN 0, op NFREZRIEAIIMG . WX FA7 8 H
TR e, DU E AT 56 B 12
25 or MR SN BIE Y, o bR
FIIEZSAMG o T A — AR p e gl F i i
Bl LR TP A AR S, FI S, B 3 22
S A, SR R R SRR A
Z5 o BEEEMZ. vTLVEW, MHBATES, 1S,
B, o IRMIES 0 BIES 5301 5
X YR AE S, 1S, FABEZESE, g A
PIE R 1 B IEZS A, RO AR XIS S, AYss g b
R E L EZAS o Bl R BT 25 A
O H SR IR R, KRB S % A (g
To H5ZAFMNE, HEEESHE LAEE R E RT
RENE B A fE B H VR HUE, 5 A4 )l %
ez % BEAEA R IEER (van der Linden,

2007 ) o AR Y 22 5 ] DAe i HA s H L A
I TRIEC R S e L ok o R T SE4 HR SOT Y K #
FOVERB I TSRS, SR A 4 i T 250 Ik T 80l AG
A H BB TR bR R R R
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AN -t S

@
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1 EEZRHSH
TE: EIMmARE e HLFRORPIEZEEAE (IR 5 AR H T
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van der Linden (2006 ) #& i (%5 45 1F 25531 /E
S TSR AZ 3 2 WG RN, AR IR /R 2
IR XS BOES A, A e ot B R e
) B S0 B 3 . AR5 P R R SO X 4 E S
AR, N Ron %R NEL, 13RI B s
WRZAERY T 25 n FEUH @ b AL 2 s [a] 1A 5 23 e
ATLARIR N :

ftstpa,B) = tl_aﬁexp {_%[ai(lnti - (B - Tn))]z},( 1)

Hidr ) ¢ JRZE AT B E R T, R
S n LB AR VR R Bo R H By RIS EE 24
Bt K, HAEARTEBE | BT ZE; a2l
HBFH X EESEL, aflik, BWRES | MrEE
i [R] 537 A9 B HORE BE AR/, 0B E AN [ 3R 240K
SR Z AN X 3 #dT - Sinharay (2017a, 2017b,
2020 ) , Sinharay 1 Johnson (2020 ) 5 f 5% #fs 3¢ B
H5HEECAMINEML, fF9RkgEE 128
FEBRR MG 7 A RIIARIE 5 o PRI A S
H e PR B (R VR 2 B 25 ek o Ae s 5 AT 50
IR FLARPRIATXT LG
3.1 PR VR U 22 A e b
311 BRI R Y DLt Pl

— i, EETAYEEA R, bR TRFS U
SR LU A 36 Kz I A8 H 1181 2 4b, Sinharay i1 Johnson

(2020 ) #sUd A D3R F (Bayes factor; Kass &
Raftery, 1995) o DU A 2 —FhJE T DUt e it
MIRERL L i, BT DA R BE S AR X T A e i A
My, JIT SR A EE A5 RE T A M FUL G A e RIM )
IR, 5 FEAAIFGY T W AR A ) Bt , Dl
HiAF AT AR N

BFy, = p(tIM3)

p(tlMy)’ (2)
Hrr, p(eIM)FIp(EIM )53 7 2 s A2 I ] £
PEETEAAIMFIM T A PRk e, a] il B X HEAS
).

P(t|My) =:f¢P(t|1/’, M)p@IMy)di, (3)

P(t|M2):f¢,P(t|1l’» M2)p(|M3)di, (4)

Hrr, p(thy, MRS ESED, TERRIM R
Bl orAn s pPIM)RBAIM T ZEUR S oA
P(t|, Mo)Fp(P|M2) & LS EATZEL, BF 5 H{H B
K, SCFRARAIMRE UG BE 1R d gikeR . A
ST R AL T DL 7 DR U 5 TR 8 55 2 ) A G
% (Kass & Raftery,1995) .

BB T B 22 Sk, AT LKA o i i 2
PR PR 28 A ] 1) bl Ass . IR 1 Ryl HARZE
s T) 0t 22 T 25 AR U0 T e VR R (7)), 1Al
2 i HAE C R B VR B e B8 s 43 il 5 TP AfAS
AR EE (7, flgy) o XFE—2, TEACHY 1 A1
R 2T, 5 AR AVEZE I ] ALK pR Ao 3 W L (T B)
HIL(Ty; t1)L(T25 82)

R, FERIH T 22 7 sz, DI A
T RO,

BF.. = P(tIM2) _ f,llz_m f:;::::L(T1;tl)L(Tz;tz)P(T1;T2)dT1de
27 paimyy [ LEmne@dr (5)

H, p(rp)lE g, o WK R 1. BF,
MEAER, RUTBARILAAAIM A T REMEERR

H—J5 M, —2iF5E#E (Gelman, 2014; Robert,
2007; Stern, 2005 ) A AT T B TR, ZHeiE
B Y LA B BE R AR e A BB oy S 1Y) i oA
R, ORIEXA RS, T R TR R R
S B AR RAGHIN 2 1 1 R H T
3.1.2 TR IR B ] 22 A 56

Y E R AN S, S, b AR 25 ]
At fty, W, o, WIS R0 A L
9y, T2|t), AR A S MR, g(ty, TR ORI
HAKN:

g1y, 72|t) =

L(7y;t1)L(T2;t2)p(11;72) (6)
T1=00 TH)=00 .
S Je s Lt )L (it )p (rim2)drrdry

WA 6, JEIMERP (2 2 T |OAH5H N

p(t; 2 14|t) = le:_w f;zzfiog(’fl,'fzh)dﬁd'fz =

L o, Last)L(zito)p(erto)deydry

f:ll:io ,Tzz:j; L(TlFtl)L(TZth)p(fli‘fz)d"'ldfz’ (7)

ALVE W, A7 o1 R R A 02
FAIE, ANERERGR X, AR 7 iR 5 22
FHEUEAR 1 7 G A TR, 3 B AR 2 R,
BRI F T80 ) 53§ A3 BERT A3 S an T 8 Fl 9 =L

T1= Tp=00
S J =, L t)L(T2 t)p (15 1) d Ty =~

25;1 ZZ=1 LTy 8 L(T2ms 8P (T15 Tom) D14, (8)
Tom > Tik

1=

Yoot Tt L1 8L (Tam; £2)P (T1i Tom)D1 Ay,

Hr 1y, ., Tooe K ASERIE S, T21, o0 Tom
M AEERIES, A=Tike1 — Tik, 825 T2 mt1 — Tomo
FEASCHIIFE L, %A (-5, 5) ZIaAY 101 %
BRI ARy, BIRBEN 1, ST A mfE
RS, A7 S B RERRER S, RIFEA
e 563 i v ¢ BUCH A 122 R B H 5 B A P2

L L L )L (ras t)p(z; mo)dndry = (g )
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SREE K ATREVERE A . S T T A i B — 3T
VRIS T B G T F e A I A8 H SR g PE R, B
BT TR H TN X T Rl 2E 5 (RIS 255 )
(R A5, T T AT — MR R A4
3.2 — IR

SR A R R, o LR AT o — LY
BiFXF =AGET e A S AN R Y S AR
i () 5040 BsF % G 0 45 SR R AT T . R — Ay
20 E M E IS, BUE YR X 5 B o RS ] 56k
By il [ 5E R 2 T 1, 8 44 7% He VR 22 ek 1] B4 4
Ay ikt BRI 1 PR, RIS
WSS J5 10 R — 28U H (8 % A iy U8 H 4L
JEM 0 F] 7, MR ) EAFETUR, XAk,
B HEAFTE TR B H AR AN, A0 5
5 A EE ) R TR R R R H TR I R Y
T, AT DAARBUAS Ry i iR dd . i Ry
WIEXTRT 10 BEAUS 10 ARSI AT I . %
JEAEI I 10 BUHL, TR 80 E o 0 3 7 1Y)
AL T RS AR A SN 5, R
RZmHE M gery s H A B H R 8 H 9% 4 i
A,

FETER R, B HMSELL Al

THREAELER 3 DHEESEL, Ar R T 10 22
J5 10 /8, FUEAE 20 BERAEE T R, JFH A
FIH: 1) SLR Geitiat SOHRTR Y p (E . DL A 7
BF M54 105 A% PP, X FiX =/ geita, i
TR RN A A AR O ] e 8 H AR S )
FEAEAEE RS IR 22 SR T RE MR BR, BIMARERE T %% 4=
e B AN [RTER 73 PR A AEAN TR R E

ATUAE Y, 2578 A7 B A [0 o A A i
25, BEP =GR AR 4 i s, T E
BEE S AR R, A R RE SR 5 AR A
TES I o H T3 A b A s o PAR”
AU MRS LR B, B RN T
=AM, s R b R Y
BT DU S A RS B i e i B
AT A B RISR L GE i R AL TR XA
SRR LEAR BRI SR FR A B = Fh BT R bRl 1 25 55 45
TS AT AU S R

Sy ¥ PR T = AR AR N B s g T
TE RGN 2 A LE I 36 v A7 AR H BRI R, AR
SCHE S HEET {2 I SR 5 R E A S I 43t

( Kasli et al., 2023; Lee, 2018; Sinharay, 2017a, 2017b,

2020) , XAEETEARZ SCTE H P RIS Pk

R 1 BB TG R EE EEE R E

MUEAEZ I (. B

ax
HF

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
2 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 B
3015 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 § §
4 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 § § B
5 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 § B B B
6 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 B B B B B
7 5 15 15 15 15 15 15 15 15 15 15 15 15 15 8 B B B B B
8 5 15 15 15 15 15 15 15 15 15 15 15 15 8 B B B B B B
e AR H R R B CATUA T I8 H, SECAEZE B RV AR
*2 ETFHAESGTENSITEE
Hh: (Egzi) 1 7, T SLR (p) BF PP
1 0 -1.708 -1.708 -1.708 0 (.500) 169 432
2 10 -1.708 -1.598 11,653 491 (312) 245 610
3 20 -1.708 -1.488 -1.598 983 (.163) 388 768
4 30 -1.708 -1.378 -1.543 1474 (.070) 686 882
5 40 -1.708 -1.269 -1.488 1965 (.025) 1397 949
6 50 -1.708 -1.159 41433 2457 (.007) 3.355 983
7 60 -1.708 -1.049 -1.378 2.948 (.002) 9.679 995
8 70 -1.708 -0.939 1324 3439 (.000) 33.867 994
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OIS, PERRX AR Y R T DA SO
P NELE T SR 0 s AN ST A vE R i 2 8
T A AT FE X BT TARHUAT ST, 20T
BRIk R

4 SCIEEERES

SEAUEECE R AN TS I Y B A
UED S, OC T2 A e 5 TR 4R 48 7T UL Cizek
Wollack (2017) o F AT 73 H7 2 3 4> B dhs 4 HLEY
Forml, {7 170 3 234 H, 4 1636 £
PRAE 170 IEWTH ERVEE B AR 2R [E) £
L AL Z B A, AR X Forml B4
64 MR, I Z R Ee it ik AR
T, KLy 46 24 Bl e S mT SR PRl
WA, BRSO, F2 X
ZEAR AT AIFSE (Kasli et al., 2023; Lee,
2018; Sinharay, 2017a, 2017b, 2020 ) . 5 LIfEWFSR
—FE, KGeitEr R 25 RS BdE AR AR
17 e SE AT ISR G i R A AR XS LR

UiRE iy €1 Y A RN nT I S W % She L i

RSy, BUIE® @ HES s HES . N
TR AT “PRid” R S AT
56 e SAFEVE R BUE 225, X Forml 1
BIGHATIR W8T (1) 7ESIBRE & B S
Al “BRic” S AEIEZ G, KX BOE A R
SRS, MBS EENTHSE. (2) 7551
PRE BRI A G, B “hRid”
W 41 24 5 S A3 BT I A ) 170 8
R 4 106 U Y 64 MBI T B S5k,
BRENWHEESEANE 2 Pron,  (3) fESIBRE &t
KRB EAZ IS, /KM SLR. BF 1 PP, X}
Mg TR 1624 25 4 3047001, IR “FRid”
SE RS R TH B SR, iR 3. B 4 R
5 FiR.

MK 2 FTUAE Y, A 24 2% E0bre S w
A E R R T AR R E R
JE, XAEE 1 ERBUNA 6 SRR Tk
IRHERE . SRR, A 17 8% B PR B
MG, R AR LS A I RAT s
WA S, N TR A IR 5 R R

£ 3 ZMGEITENTIEBIRRHTER

G H A% A

BF 251, 324, 452, 453, 465, 524, 525, 624, 679, 700, 792, 993, 1252
SLR 251, 324, 453, 465, 524, 525, 624, 679, 700, 792, 993

PP 251, 324, 453, 524, 525, 624, 679, 792, 993

T K EE SR T oz LT PR o e

BF {5 KT 1 #1 PP {H KT 95,

, J1 SLR, BF #1 PP R HRIGESHE S50 SLR 18 p (/T .05,

0.4

iy
fust
&
e
1{5( LN .
H / .
ol /
° oy \
;\ / ~ \
v —)
5 >I{/ J

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
2 3 4 103 104 141 191 226 248 2561 271 415 452 453 478 494 498 505 524 623 624 639 645 687 892 903 919 921 923 983 1176 1267 1307 1356 1358 1413 1426 1432 1450 1585 1620

B2 MEREEERHN “REZE” NERESHGIT

TE: B = SR E AR EHRE RN ey SR B MRS SEUTHE, Hrh 2@ msE S TR s th Aok A A Es R,
W O EEEE TR P A B A SR, SO TRR AR B A HOE R
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118, FRATRHBA A5 AT BAR B, XA ]
() SEREAR o Ed . IE R H A 2 BCE At e A H
R BRI TRE I S BT SRR,
XA AR Won MR 25 5, (R f] i
b TR S, B TEM IR E Eryse Akt
(O LA e IE 5 B H L RE 15 T1HEe,, 153
AET122570, - 0,100 FIMH K 818, RESI 22X [E] N
[.05,2.09], EPIEFAbAT7E MRS H LB RE 1 S50
T Z s AR TAEIE R S H Eae S5kt
X L I8 i R A T R A A VRS TR s i DA R XU
Fr s (FH, 2018) , A7 A A A H
FORSFIOES ISR MG, 58 % A T RE A R X
H N 52, X425 SR B H T AN )25 A4
PISEIRE AN R, A W E SRR A 5
I 52 O AR BRIy 2 ORANA 2411

HE—2, 0% Forml "R A H 4328 (R A
WRAEIE ) FX Ry A2 At Tl 8t , AT 51
SR HE SLR TR 174 2 1) DLt 7 K7 BF I 5 3648
SR PP, XA AR B VR I (A R TR,
SRS AR P AR bR T A, HARSS
WFR 3 Fin. WJUEH, HXFFREPEE P Rd
W “SEEAT MG TR R
BF, SLR A1 PP 433l At 1 13, 11 F19 4> “5¢
WEAT ) IFHX =ATNERI S ARG R
TORFZ, B BF Rz A 45 A7 T SLR A1 PP £
W A% A, SLR A H 285 A& 1 PP G
2% A, Rl PP AR E % A e 15 S B e =
DA R PRST

= B b i 1 1 5 7 5 7
b 3T Hi R E 0 S Ml
« 4
3
~_ 7 D

=R s
4+ - \ s
o | o7 \ i
=5 | - / RS 2SN s
N ~. / SN e .
e | o—— ¢ LT . B . i

32 452 453 465 5: 4 679 700 792 9293 1252

B 3 T BF izl “SEXFE” NEESHMGEIT

IFH, BT T XL SR HE,
wnrE 3, 4RI S Frose aTRIE L, =Rh5 ik
I EE 25 A R A L VR 22 R R T AR IR
AUH ERORZEEREE, BRI =R (20, SRAIE,
AP LR ) R a1y 25 A A U AL Y
R IEREH L s ARSI e
3. 4 MIE 5 E=ARA RS TR, BRI L

FIMRYGELL . HEANLR, If HALE LM i 2k
BIR T AR s 2R, RBL T 2% A et
L AP H ORI 25 A AR U R

o SLRIkFRILIL RS 5424
—— ETFAEEANE i
o 17 ¢

!
o EFWRERNEESHH] s 4 Yo = TN

———

4 £F SLRIFHE “SEEL" MERESHEI

S PPERCERTRE
f E?IWE@HW?EVI??IE#
3 £ H RS St
tg | P / ! ’ \ ) N \
1 7 / \ -
Py W e . N
e | L .
A ,://——\\5\
o) \'\' /' \. /.
251 324 453 524 z ;2;“}%1 624 679 792 993
E 5 ETF PPiRHM “REXELE” MEESHMHIT
M3, [ 4 FE 5 ek a5 1ok E, =#
Ry Rl RO S o e 22 SR € 2% 0 T S M L (2 ST

ERTHAEIEHE M E L VEEHEE, ARE PP
PRGN H A B R/, BF S0 H i A\ e, 5
J& PP A KGN B S BF K A S8 2% A= AT R 77
TR E 25, 0] BF, SLR H1 PP 094656 /12 M
e 2R

S [ ERERRORAREE
O |-+ PPEREHAERELS
o SWRIrleii ERIEES @
O]
¢ ®
o ®
iy
3
5
®
o ® e o
N
o
PRCH B

B 6 =MkiaNty “REETL” EltiEHEEMESEE BT
HEEESR
K 6 ik 1 = Fh ORI Y B9 5 5 AR AR
HRRE 25 S M L 25 S RO S MR, 13 SR (502 BF fn
ISR, A 11 R A BIERH Y2 SLR
PRICH B AL, 9 AN EE (IR R i S PP ARiC
ML, = 2RI AN [R5 bR Hh %
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AR 25 S IME. AT LAE S, BF, SLR #1 PP J7
PRSI HE 25 A ) TR 2 S T NI, 43 )
. 316, 326, 34, HV BF Jy it i 22 T hefgUek,
1M PP {206) 3 22 AR B N, X ST R 3,
Kl 3, Bl 4 K5 Pig sl g R —ak,

& 6 -t E — 20 3R U = Jy 3ok X6 G 00 3k B 2
SRS, T #F— 2 SLR,
BF F PP 7EA[AIN 5 254 T ORI, 2% SCukEmt
FH P a2, AT — DI T a0 T py s ful s

DY o
5 KL

22 Wi S UE B e BT 25 5, X LR
A ALEE A, Al gETUADEE ],
ERiFSIEA IR YN U= F I e T S Ripsib A o] ib]
PR
5.1 Simikit

I 56 K & 2% Sinharay Fl1 Johnson (2021) HY
WE, WIATE 100 M8 H, B H S8 06k
H Cizek Fl Wollack (2017) , %4z iy JF S50\
FRUEIEZASA A R, = M RAmAs . (1) #
TOURNAE H R L], FEALAR R e (58 3 A4~k
L R 10%, 20%, 30% ) AR H 1R A Bk A
FEH. (2) 2280 H A 2% 4 N,
W& 3N, 51H 5%, 10%., 20%. A1
B [ S 1000, R AT RS H TN A9 25 AR R 4y
B4 50, 100, 200, (3) =328 H FUHRE Y AR
( B R0 B S0 25 A L SR S ) o, X
AR R N5 A= 22 0 H TR M A R™ 8 ), iX
HSHITUBIRR 0T, FHRE AR, %
U (20~35) . U (.35~50) iU (.50~1) ,
FERAZFE )75 AR A - R s AR I
R E AR ORI A5 A A XA~
WHEESE TR SOESE 25 8, A Tre
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Speed Difference Detection Based on Response Time Data

Xin Yunxi', Qin Chunying"’, Dong Shenghong', Yu Xiaofeng'
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Abstract Response time data is increasingly recognized for its potential to reveal the pace and conduct of examinees, offering valuable insights into
educational and psychological assessments. Unusually rapid test completion may suggest irregular behavior, such as obtaining prior knowledge of
certain test items ahead of his/her test. Current research indicates that the signal likelihood ratio (SLR) test outperforms other methods in maintaining
type I error rates and enhancing statistical detection powers. This paper focuses on comparing the SLR with two novel test statistics designed to detect
speed discrepancies.

Using response time data, we developed two Bayesian-inspired statistics to assess variations in test-taking speed. To gauge the efficacy of these
statistics in detecting prior knowledge of test items, we initiate our analysis with a well-known data set from real-world scenarios. This data set has
been previously scrutinized in studies aimed at identifying item preknowledge, allowing us to benchmark our findings against existing literature.
Employing the signal likelihood ratio (SLR), the Bayesian factor (BF), and the posterior probabilistic (PP) approaches, we scrutinize each examinee's
response time data. Based on the flagged items marked in the dataset, the entire test is divided into two parts: the collection of normal items and
the collection of flagged items. To more intuitively examine whether the "marked" abnormal examinees in the original dataset have differences in
response speed during the test, the data of Form1 is analyzed as follows: (1) After excluding data with missing information and "marked" abnormal
data, the log-normal time model is fitted to the data to obtain the item parameters for each item. (2) After excluding examinees with missing data, for
the 41 "marked" examinees in the dataset, speed parameter estimation is conducted based on all 170 questions in the test, 106 non-leaked questions,
and 64 leaked questions. The speed parameters obtained indicate that the examinees identified by the three methods all have speed differences. (3)
After excluding examinees with missing data, all 1624 examinees in the test are analyzed using SLR, BF, and PP, and speed parameter estimation is
conducted for the "marked" abnormal examinees.

The outcomes are then juxtaposed with the marked "aberrant examinees" in the original data set. Interestingly, all three methods exhibit a more
"conservative" stance compared to the original dataset's annotations. Specifically, BF, SLR, and PP identify 13, 11, and 9 examinees, respectively.
Moreover, the detection sets from these methods are inclusive, with BF encompassing both SLR and PP detection, and SLR encompassing PP
detection. This suggests that the PP method is the most stringent in flagging abnormal examinee behavior, while BF is comparatively more lenient.

Building on these findings, we designed a simulation study to further appraise the performance of the proposed methods. The results indicate
that examinees with prior knowledge exhibit distinct response speeds on leaked versus normal items. The sensitivity of the three statistics—SLR,
BF, and PP—varies, with BF being the most responsive to speed differences and PP the least. Targeted simulation experiments are conducted to
assess the impact of varying degrees of speed differences due to item preknowledge, the prevalence of such preknowledge among examinees, and the
proportion of known items within the total test under diverse conditions. A comprehensive comparison reveals that: (1) All three methods effectively
control type I error rates; (2) A medium speed difference (U = .35 to .50) allows for high detection accuracy; (3) To accurately identify examinees with
item preknowledge, they must have prior knowledge of at least 20% of the items; and (4) Given the study's parameters are known, the prevalence of
preknowledge in the population is expected to have a minimal impact on test outcomes. The newly developed statistics demonstrate robust performance
in detecting response speed differences during the examination process.

Key words response time, speed, posterior probability, difference detection, Bayesian factor



